ABSTRACT
Introduction
Gamma-glutamyl transpeptidase (GGT; E.C. 2.3.2.2) is a membrane-bound transferase possessing the unique ability to cleave off the peptide bond at the gamma-carboxyl group of glutamic acid. It is the major enzyme regulating glutathione (γ-Glu-Cys-Gly) levels. GGT hydrolyzes γ-glutamyl moiety from the extracellular glutathione and transfers it to other amino acid or dipeptide. The remaining dipeptide Cys-Gly is cleaved by other peptidases to provide free cysteine, which is taken up by the cells and used for the intracellular synthesis of glutathione (9) . Glutathione is used by the cells to protect against oxidative stress (4) and is involved in the biochemical mechanisms that cause some tumors to become resistant to anti-cancer drugs (13) . Furthermore, GGT is known to participate in the metabolism of endogenic compounds such as prostaglandins, in the synthesis of leucotriene D (1) and in suppression of apoptosis induced by oxidative stress (8) . The enzyme is regarded as a marker for cell differentiation and aging (15) . Elevated GGT activity has been found in a number of human tumors (3) and is accepted as a diagnostic marker for hepatocellular carcinoma (16) . GGT activity in mammalian and human lung is very low and is restricted to the bronchial epithelial cells (7) .The enzyme activity has been found to increase considerably upon application of oxidation agents such as hydrogen peroxide, radiation or toxic drugs (11) . Up-regulation of GGT has been found also in non-small cell lung tumors (2) . Most of the methods for the GGT activity comprise steps of homogenization, sonication, detergent extraction or trypsinization of the cells. However, Morgenstern et al (12) have noticed that the destruction of the cultured cells do not represent the real levels of the enzyme activity on the cell surface.
The aim of the present work is to study GGT activity in normal human fetal-lung derived cells (P cells), to evaluate the effects of the most commonly used treatment procedures 
Materials and methods
The fluorogenic GGT substrate γ-Glu-4-hydrazido-N-hexyl-1,8-naphthalimide (γ-Glu-HHNI) was synthesized by a similar procedure as described before (6) . The precise procedure for the synthesis of this substrate will soon be published elsewhere. Cells P cells (human fetal lung-derived diploid cells) were kindly provided by the National bank for the industrial microorganisms and cell cultures (Sofia, Bulgaria). They were routinely grown in DMEM (Sigma), supplied with 10 % Newborn calf serum (Sigma) and antibiotic-antimycotic solution (BioWittaker) at 37ºC in humidified atmosphere with 5% CO 2 until reaching 90-95 % confluence. For the cytochemical visualization of GGT activity cells were grown on cover slips until 95-100 % confluence. Cytochemistry Cells on cover slips were washed with PBS and fixed in paraformaldehyde vapors for 5 minutes at room temperature. Then, they were air-dried and covered by celloidin (0.5 % celloidin in abs. ethanol/diethyl ether/acetone 3:3:4) for 30 seconds at room temperature. The preparations were incubated in a substrate solution, containing 0.3 mM substrate (γ-Glu-HHNI) and 0.3 mg/ml piperonal (the substrate and the aldehyde were pre-dissolved in a minimum amount of dimethyl formamide; the incubation solution was filtered before use) in 0. 
Total GGT activity
Cells were grown in 10 cm Petri-dishes, until they reached 90-95 % confluence. After that, the cells were harvested by scrubbing and homogenized mechanically on ice-bath in 0.1 М Tris buffer, рН 8.2. After spectrophotometrical measurement of protein amount, lysates were diluted to four different concentrations with 0.1 М Tris buffer, рН 8.2 to the 1.5 ml final volume. To every dilution 1.5 ml 2 mM γ-GlupNA in 0.1 M Tris buffer was added at pH 8.2, to obtain a final concentration of 1.0 mM substrate. The reaction was carried out at 37ºС. Aliquots were collected every 15 minutes and the reaction was stopped as described above. Absorption of the samples at 405 nm was measured spectrophotometricaly against a control of 0.1 М Tris buffer, рН 8.2 and 1 М acetate buffer, рН 4.0 (1:1, v/v). One unit of enzyme activity was defined as the amount of enzyme liberating 1 μmol/l product (pNA) per minute, per 1 mg protein at 37ºC. The results were statistically evaluated as described for the surface GGT activity.
Results and Discussion
The non-prefixed embryonic lung-derived diploid P cells showed a non-linear time-dependency of the surface enzyme reaction product accumulation -it reached a saturation level showing a high enzyme activity (Fig. 1) The early investigations of Graf et al (5) have shown that GGT activity appears early in the organogenesis. Our result is consistent with this finding. On the other hand, the surface GGT activity of the cells, pre-fixed in para-formaldehyde vapors proved to be twice lower than this of non-fixed cells (Fig. 1) . Thus, formaldehyde fixation of the cells could lead to false results. Another important result of our study was that the total activity of GGT measured in cell lysates after mechanical homogenization (0.49 ± 0.01 μM pNA/min/mg protein) was lower than the surface activity (Fig. 2) . In fact, GGT represents a heterodimer protein complex, consisting of two subunits (14) . The heavy subunit is a 58 kD transmembrane protein type II and serves for the anchorage of the enzyme to the plasma membrane. The light subunit represents a 22 kD protein, non-covalently bound to the heavy transmembrane chain. The active center of the enzyme is situated on the light subunit, but it has been assumed that the heavy chain also contributes to the enzyme activity (10) . In this respect, it appears reasonable to assume that a degradation of the heterodimeric complex would result in a loss of GGT activity. Such degradation could easily happen after treatment causing cells destruction including mechanical homogenization. Thus, it might be concluded that homogenization procedures are also inconvenient for the study of GGT activity. Furthermore, our attempts to localize GGT in P cells using the synthetic fluorogenic substrate γ-Glu-HHNI were unsuccessful (Fig. 3) . This procedure should give a highly fluorescent final reaction product exited in the green area of the visible spectrum (λex = 540 nm) (6) . However, we did not notice any fluorescent product hence this negative result is most probably due to the two factors. First, we applied cells fixation in paraformaldehyde vapors before the incubation procedure, which as it was shown in surface activity experiments, causes a considerable loss of the enzyme activity. Second, it has been shown before that hydrazide-substrates are quite poor than amide-substrates for the visualization of this enzyme (15 cells) using the same procedure revealed positive reaction for the enzyme in those tumor cells (unpublished results). In view of these experiments, the newly synthesized by us GGT fluorogenic substrate might prove to be more useful for diagnostic purposes than the common amide-based substrates. It could be helpful for not-detectable/detectable GGT activity in normal and pathologically altered lung epithelial cells respectively. This possibility remains to be tested in our future work.
In conclusion, our experiments demonstrated that formaldehyde fixation and homogenization procedures are inconvenient for the study of GGT activity and should be avoided when precise measurements of the enzyme levels are needed. In addition, our newly synthesized fluorogenic substrate γ-Glu-HHNI might prove to be a valuable tool for the diagnosis of lung cancer and, also, for the study of the enzyme in normal and pathologically altered tissues and cells.
